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ABSTRACT 

In this paper, expanded perlite based particulate composites for the application in building insulation board are studied for compressive 
behaviour. Composites with a density range from 0.452 to 0.640 g/cm 3 are manufactured using floatation method by varying binder 
content (sodium silicate solution and corn starch as binder) and the degree of compaction. Compressive strength and modulus are 
investigated based on two manufacturing parameters (i.e. Compaction ratio and Water/SSS ratio) and the density of the composites. 
Compressive strength and modulus were found to be linearly dependent on the density however the trend for compressive strength and 
modulus were found to be different. The change of compressive modulus with respect to increasing density is found to be different for 
different compaction ratio which is not significant in the case of compressive strength. The range of specific compressive strength of 
the composites from 4.27 to 5.08 MPa/(g/cm 3 ) was found to be suitable for the building insulation board application when compared 
with existing literature. 
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1. Introduction 

Perlite is typically made by the hydration of obsidian [1] 
and can be expanded to form cellular structure [2], [3]. The 
expansion can be done at a temperature of 649-816 °C with the 
removal of water molecules [4]. Expanded perlite [5]-[7] 
particles are porous, lightweight, fire resistant, insulator to 
sound and heat, chemically inert and cheap. In applications for 
interior walls and ceilings, the thermal conduction is important 
for energy saving during heating and cooling and the weight of 
a material is a significant factor for transportation and 
installation because of the large amount of material to be 
handled. So, expanded perlite particles may be a potential 
constituent material for the development of such building 
material because of its lightweight and low cost. Researchers 
have been working on expanded perlite particle based building 
boards such as perlitic insulation board by Hill [8], building 
boards made of fibre/asphalt coated perlite by Miscall and Rahr 
[9], mineral board by Sherman and Cameron [10], perlite/starch 
composite by Shastri and Kim [11], gypsum/perlite composites 
by Vimmrova [12], Perlite/sodium silicate composite by 
Arifuzzaman and Kim [13] etc. However there is an enormous 
scope to develop perlite based building materials with the use of 
more cheap and easily available binding materials such as corn 
starch as a reinforcement to sodium silicate solution. Sodium 
silicate solution is fire resistant and corn starch is a good binder. 

Therefore, the objectives of this paper are to consolidate 
perlite based particulate composites using the novel floatation 
method [11] with the use of gelatinized corn starch as a 
reinforcement to sodium silicate solution, to investigate 
compressive properties of the composites and to find the 
suitability of the composite for building board applications. 


2. Materials and Method 

2.1 Expanded Perlite 

Expanded perlite particles are purchased from China and 
separated into various particle size groups (1-2 mm, 2-3 mm 
and 3-4 mm) using sieves. Particle size group 3-4 mm were 
chosen for this work. According to the data sheet provided 
by the manufacturer expanded perlite contained 71-74% 
Silicon Oxide, 12-13% Aluminium Oxide, 3-4% Sodium 
Oxide, 3-5% Potassium Oxide, 1.2% Calcium Oxide, 1.0% 
Ferric Oxide and some diminutive amount of Titanium 
Oxide and Magnesium Oxide. The bulk density of perlite 
particles was measured using a measuring cylinder of 100 
cm 3 capacity into which particles were first poured slowly 
with a spoon. Then the mass of particles were recorded. The 
bulk density of the expanded perlite was calculated using the 
equation 

Bulk density, p = (the mass of perlite particles / the volume of 
perlite particles) g/cm 3 . (1) 

The average bulk density of 3-4 mm perlite particles was 
found to be 0.187 g/cm 3 . 

2.2 Sodium Silicate Solution (SSS) and Starch 

Sodium silicate solution was used as a binder having a 
density of 1.39 g/cm 3 . It is necessary to determine the solid 
content of sodium silicate solution after dehydration to properly 
characterize it for reproducibility of results. SSS was diluted 
with drinking water at different ratio [See Table 1] and then 
stirred for 2-3 minutes. The diluted SSS of fixed mass are then 
dried inside an oven at 120°C until no mass change is noticed. 
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The difference in mass of diluted SSS and solid sodium 
silicate after dehydration indicates the solid contents in diluted 
SSS. The solid contents for various Water to SSS ratios are 
given in Table 1. It is seen that the solid content is affected by 
dilution and decreased with increasing Water/SSS ratio. Solid 
content on SSS without dilution is found to be 48.60%. 

Table 1 Solid content in SSS with various dilution 


Sample 

Mass of 
SSS,g 

Mass of 
water, g 

Water to 
SSS 
ratio 

Solid 
content in 
diluted 
SSS, % 

01 

5 

0.0 

0 

48.60 

02 

5 

5.0 

1 

26.70 

03 

5 

10.0 

2 

19.80 

04 

5 

15.0 

3 

14.50 


To determine solid content in corn starch solution, lOOg of 
water was taken into a beaker and different amount of starch 
powder was added to it and stirred the solution at above 70°C 
for 30 minutes and a clear solution is obtained as a result of 
polymerization. After polymerization 20g solution was taken 
into an empty test tube and put it into an oven at 120°C until 
there is no mass change due to water loss. The solid contents 
obtained for various starch content in water is given in Table 2 
and in Fig. 1. It is seen that solid content increased linearly with 
increasing starch content in binder but not all starch powder are 
gelatinized for the set temperature and time in this work which 
is reflected in the loss percentage. The loss percentage indicates 
that only about 66.34% starch powder was gelatinized due to 
polymerization. 

Table 2 Determination of solid content in Starch 


Sample 

Mass of 
Starch, 

g 

Mass 

of 

water, 

g 

Starch 
content in 
binder, % 

Solid 

content, 

% 

Loss, 

% 

1 

0.50 

100 

0.498 

0.35 

29.65 

2 

1.00 

100 

0.990 

0.65 

34.35 

3 

1.50 

100 

1.478 

0.95 

35.72 

4 

2.00 

100 

1.961 

1.25 

36.25 

5 

2.50 

100 

2.439 

1.65 

32.35 


An analogous procedure was followed to measure the solid 
content in combined solution i.e. diluted sodium silicate solution 
with starch powder according to the combination given in Table 
3. SSS was added to gelatinized starch for making combined 
solution. The solid content in the prepared solution is also found 
to be decreased with increasing Water/S SS ratio but the solid 
content in the combined solution is slightly higher due to the 
addition of starch. 



Fig. 1 Solid content in the gelatinized starch solution as a 
function of starch powder in water 

Table 3 Determination of solid content in SSS + Starch 

Sample 

Mass 

of 

starch, 

g 

Mass 

of 

water, 

g 

Mass 

of 

SSS,g 

Water/SSS 

ratio 

Solid 

content, 

% 

1 

1.50 

100 

100.00 

1 

28.10 

2 

1.50 

100 

50.00 

2 

22.10 

3 

1.50 

100 

33.33 

3 

16.85 

4 

1.50 

100 

25.00 

4 

12.60 


2.3 Specimen Preparation Process 

The process of manufacturing composite consists of binder 
preparation, mixing, compaction, and drying steps. The binder 
is prepared by mixing a fixed amount of corn starch (see Table 
3 for mix proportion) with water and then continuously stirring 
at 70°C for 30 minutes for gelatinization. Later SSS was added 
to the gelatinized solution according to Table 4. A PVC pipe 
having diameter 42 mm was taken and one side of the opening 
was blocked by a plastic wire net. Then different mass of 
expanded perlite particle for different compaction ratio 
(Compaction ratio = the ratio of the volume of perlite before 
compaction and final specimen volume) was poured into the 
PVC pipe. The required expanded perlite mass was calculated 
using equation 

Mass of perlite particle required = bulk density of perlite x 
specimen final volume x compaction ratio. (2) 

The PVC pipe with expanded perlite is dipped and soaked 
into the binder solution until all perlite particle get wet before 
transferring the PVC mould for compaction. During 
compaction, 2/3 of compaction stroke was applied from the top 
side and rest from bottom side of the mould to obtain uniform 
density through the thickness. The specimen was removed from 
the mould by pushing with the plunger. The specimen was kept 
on a paper towel and performed a frequent shifting of specimen 
to ensure there is no binder in the towel. Then the wet mass of 
the specimen was taken and transferred into an oven for drying 
at 120°C for 24 hours. The dry mass was recorded when the 
specimen reached room temperature. At least three test 
specimens were prepared for each combination of compaction 
ratios (i.e. 2.5, 3.0 and 3.5) and Water to SSS ratios (i.e. 1, 2, 3, 
and 4). 
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Table 4 Density, compressive strength and compressive modulus of manufactured composites for various combinations of 

compaction ratios and Water to SSS ratios. 


Density, g/cm 3 Compressive strength, MPa Compressive modulus, MPa 

Water/SSS ratio _ 



C.R= 2.5 

C.R.= 3.0 

C.R.= 3.5 

C.R= 2.5 

C.R.= 3.0 

C.R.= 3.5 

C.R= 2.5 

C.R.= 3.0 

C.R.= 3.5 

1 

0.478 

0.538 

0.640 

2.23 

2.53 

3.25 

21.22 

33.15 

54.89 

2 

0.470 

0.510 

0.607 

2.12 

2.44 

3.04 

32.87 

37.29 

49.13 

3 

0.463 

0.491 

0.578 

2.04 

2.32 

2.82 

37.54 

43.26 

47.67 

4 

0.452 

0.480 

0.554 

1.93 

2.23 

2.48 

48.44 

46.23 

44.34 


2.4 Density Measurement 

The final height, diameter and mass of the specimen was 
measured to calculate the density using the equation, 

Density = Final mass of the specimen / the volume of the 
specimen. (3) 

2.5 Compression Test 

The compression test was carried out in the Universal 
Testing Machine with a load cell of capacity 50 kN and digital 
data acquisition system at a displacement rate of 5 mm/min. At 
least three specimens were tested. The compressive strength was 
calculated using the equation 

Compressive strength = Peak force / cross sectional area of 
the specimen. (4) 

The compressive modulus was measured from the slope of 
the most linear part of the stress versus strain curve before peak 
load. 
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Fig. 2 Density of the manufactured composites for various 
combinations of compaction ratios and Water/SSS ratios 

3. Results and Discussion 

The physical and mechanical properties of the 
manufactured composites for various combinations of 
compaction ratios and Water/SSS ratios are listed in Table 4. 
Density is plotted as a bar chart for various Water/SSS ratio and 
compaction ratio in Fig. 2. It is observed that the density of the 
composites increased with increasing compaction ratio for all 
Water/SSS ratio expectedly because higher compaction means 
higher amount of perlite and binder in the composites. On the 
other hand, for a constant compaction ratio, the density of the 
composites showed a decreasing trend when Water/SSS ratio 



Water/SSS ratio 


increased for all compaction ratio (see Table 4). A high 
Water/SSS ratio indicates less amount of solid in the binder 
(see Table 4) which reduced the density of the specimens for 
fixed amount of perlite. 
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Fig. 3 Compressive strength of the manufactured composites 
for various combinations of compaction ratios and Water/SSS 
ratios. 


Compressive strength of composites are plotted in Fig. 3 to 
see the effect of Water/SSS ratio and compaction ratio. The 
compressive strength increased with increasing compaction 
ratio for all Water/SSS ratio and it decreased with increasing 
Water/SSS ratio for all compaction ratio. For a constant 
Water/SSS ratio, when compaction ratio is increased the pores 
of cellular perlite particles are reduced which causes an increase 
in compressive strength. Since the increase in Water/SSS ratio 
for a constant compaction ratio reduces the amount of binder in 
the composite, it causes the reduction of load carrying capacity 
of the composite and hence compressive strength decreased. 

A bar chart is plotted in Fig. 4 for compressive modulus of 
manufactured composites to investigate the effect of Water/SSS 
ratio and compaction ratio. The compressive modulus appeared 
to increase with increasing compaction ratio for Water/SSS ratio 
= 1 to 3 but for Water/SSS ratio 4 the trend is reversed. As the 
Water/SSS ratio increased from 1 to 3, the rate of increase in 
compressive modulus is decreased and become negative when 
Water/SSS ratio = 4. On the other hand, compressive modulus 
increased with increasing Water/SSS ratio for compaction ratio 

2.5 and 3.0 but for compaction ratio 3.5 it decreased. The highest 
compressive modulus is notices for composite with compaction 
ratio=3.5 and Water/SSS ratio= 1. For compaction ratio 2.5 and 
3.0, the lesser the binder content in the composite the higher the 
compressive modulus and the rate of increase in compressive 
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modulus with increasing Water/S SS ratio is decreased when 
compaction ratio is increased from 2.5 to 3.0. Therefore the rate 
of increase in compressive modulus with decreasing binder 
content is suppressed with increased compaction ratio and as 
part of the continuation of suppression the rate become negative 
at compaction ratio 3.5. 
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Fig. 4 Compressive modulus of the manufactured composites 
for various combinations of compaction ratios and Water/SSS 
ratios. 



Density, g/cm 3 


Fig. 5 Compressive strength of the composites as a function of 
density for various compaction ratios 

Compressive strength is plotted as a function of density for 
various compaction ratio in Fig. 5. It is observed that 
compressive strength increased linearly with increasing density 
for all compaction ratio and the higher compaction ratio results 
higher compressive strength. The least square line and 
correlation coefficient (R 2 ) were y = 11.468x - 3.2598 and 
0.9934 for C.R. = 2.5; y = 5.1402x - 0.2143 and 0.9599 for 
C.R. = 3.0; and y = 8.7715x - 2.3207 and 0.9635 for C.R. = 3.5. 
It is also interesting to see that compressive strength increased 
linearly with increasing density with least square line y = 
6.4674x-0.9219 and correlation coefficient R 2 = 0.9679 
irrespective to the compaction ratio. The high correlation 
coefficient indicates high linearity. So, it is apparent that the 
compressive strength is dependent on the density of the 
composite material although the density of the composite itself 
is a function of the manufacturing parameters as discussed 
earlier. 


Compressive modulus is given as a function of density for 
various compaction ratio in Fig. 6. Compressive modulus 
decreased linearly with increasing the density of the composite 
for compaction ratio 2.5 and 3.0 but it showed an opposite trend 
for compaction ratio 3.5. The least square lines and correlation 
coefficients (R 2 ) are y = -1021.6x +510.68 and 0.993 for C.R. 
= 2.5; y= -227.94x+155.04 and 0.984 for C.R. = 3.0; and y = 
117.12x- 20.66 and 0.980 for C.R. = 3.5. It is also observed that 
the rate of decrease in compressive modulus lessened when 
compaction ratio increased from 2.5 to 3.0 and to follow the 
trend eventually at compaction ratio 3.5 the compressive 
modulus increased linearly with increasing the density. 



Fig. 6 Compressive modulus of the composites as a function 
of density for various compaction ratios 


Now, it is necessary to outline compressive properties 
along with the density of some building board materials 
available in the literature for the purpose of comparison. Colak 
[14] reported a range of specific compressive strength of 
building board from 0.62 to 2.03 MPa/(g/cm 3 ), Arifuzzaman 
and Kim [13] showed a range from 0.8 to 5.37 MPa/(g/cm 3 ), 
Skujans et al. [15] found a range from 1.1 to 3.1 MPa/(g/cm 3 ) 
and Vimmrova et al. [12] stated a range from 1 to 3.86 
MPa/(g/cm 3 ) which are highly comparable with the current 
composites with a range from 4.27 to 5.08 MPa/(g/cm 3 ). So, the 
composites that are studied here are suitable for application in 
building insulation board. 

4. Conclusion 

Expanded perlite based particulate composites with a range 
of density from 0.452 to 0.640 g/cm 3 were manufactured by 
varying the degree of compaction and binder contents to study 
compressive properties. Compressive strength and modulus are 
analysed based on manufacturing parameters (i.e. Compaction 
ratio and Water/SSS ratio) and the density of the composites. 
Compressive strength is found to be increased with increasing 
compaction ratio, binder content and the density of composites. 
Compressive modulus decreased with increasing density for low 
compaction ratio but at high compaction ratio it showed an 
increasing trend. The composites were found to be suitable for 
building board applications based on the range of specific 
compressive strength from 4.27 to 5.08 MPa/(g/cm 3 ) when 
compared with available literature. 
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